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Purpose: To investigate 100 consecutive cases of videoscopic retrograde intrarenal surgery (RIRS) by a single surgeon and to eval-
uate factors associated with stone-free status and the learning curve thereof.
Materials and Methods: We analyzed the results of videoscopic RIRS in 100 patients who underwent primary treatment for renal 
stones from January 2015 to August 2016. Videoscopic RIRS were performed with URF-V and URF-V2 flexible video uteroscopes 
(Olympus) or a Flex-Xc flexible ureterorenoscope (KARL STORZ). Non-contrast computed tomography was taken at 3 months post-
operatively to confirm the absence of stones. The stone characteristics included the location, maximal stone length (MSL), stone 
heterogeneity index (SHI), and mean stone density (MSD). Fragmentation efficacy was calculated as operative time (min) divid-
ed by removed MSL (mm), and was evaluated in the sequential order of operations.
Results: The mean age of the total patient was 60.0±14.0 years. The mean MSL was 13.1±6.2 mm. The average MSD was 
734.2±327.6 Hounsfield unit (HU) and the SHI was 241.0±120.0 HU. The mean operation time was 65.1±45.7 min considering 
each renal unit. The stone-free rate at 3 months post-surgery was 87%. The estimated cut-off of the time-to-MSL ratio below 5 
min/mm was 50. Multivariate analyses indicated a lower MSD [odds ratio (OR): 0.998; 95% confidence interval (CI): 0.996− 0.999; 
p=0.047) and the last 50 cases (OR: 5.408, 95% CI: 1.337−30.426; p=0.030) as independent predictors of stone-free status after video-
scopic RIRS.
Conclusion: Low MSDs and the last 50 cases were significant predictors of stone-free rate in videoscopic RIRS.
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INTRODUCTION
Urolithiasis is one of the most common urological diseases.1 
An estimated 12% of the global population suffers from urinary 
stone disease throughout their lifetime, and the recurrence 
rate thereof is about 50%.2 Several treatment methods have 
traditionally been used to treat urinary stone disease, includ-
ing observation (on spontaneous passage), shock wave litho-
tripsy (SWL), retrograde endoscopic procedures, and percuta-
neous nephrolithotomy.3 With advances in flexible endoscopy, 
improved perimeter duration, miniaturization of the endo-
scope, improved translucence, enhanced field of view, and ef-
fective lithotripsy technology, retrograde intrarenal surgery 
(RIRS) has been widely embraced, and used as a first-line treat-
ment.4,5
In the past 10 years, digital flexible ureteroreno-videoscopes 
have been introduced, and shown to be superior to fiber-optic 
ureterorenoscopes, with decreased operative times, better vi-
sion, and increased maneuverability with similar stone-free 
rates.6 Recently introduced digital flexible ureteroreno video-
scopes offer improved color reproducibility, two to three times 
better image resolution, and a larger image size.7 The release of 
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the Flex-Xc digital flexible ureteroreno videoscope (KARL 
STORZ Endoskope, Tuttlingen, Germany) and the URF-V and 
URF-V2 flexible video uteroscopes (Olympus Corp., Tokyo, Ja-
pan) has expanded the choice of digital videoscopes available 
to clinicians. The Flex-Xc has been shown to have increased 
durability, and can be used without damage in more than 100 
cases.8 The digital optical systems with URF-V, URF-V2, and 
Flex-Xc also offer a higher visibility, compared to the classical 
fiber-optic system.9 Despite these recent technical achieve-
ments, there has yet to be a report on digital videoscopic RIRS 
from Korea. The aim of our study was to retrospectively analyze 
videoscopic RIRS cases performed by a single surgeon to treat 
patients with renal stones and to evaluate the factors associated 
with a stone-free status and learning curves for the procedure.
MATERIALS AND METHODS
Patient cohort
Medical records were obtained from a database of 100 patients 
who underwent videoscopic RIRS (using Flex-Xc, URF-V, and 
URF-V2) by a single surgeon (J.Y.L.) at a single institute (Sever-
ance Hospital, Seoul, Korea) between January 2015 and August 
2016 (Fig. 1). The patients had single or multiple calyceal, re-
nal pelvic, or ureteropelvic stones of >4 mm with symptoms. 
A retrospective review was conducted of the outcomes of 
these 100 consecutive patients who underwent videoscopic 
RIRS as a single-session treatment.
Good clinical practice protocols
The study was performed in accordance with all applicable 
laws and regulations, good clinical practices, and the ethical 
principles described in the Declaration of Helsinki. The Insti-
tutional Review Board of the hospital approved this study pro-
tocol (number 4-2017-0091). The study was exempt from re-
quiring the participants’ written informed consent because of its 
retrospective design and because the patients’ records and in-
formation were anonymized and de-identified prior to analysis.
Retrograde intrarenal surgery
The patient was anesthetized with general or spinal anesthesia, 
and placed in lithotomy position. After cystoscopy, a hydro-
philic guidewire (Roadrunner Wire Guide, Cook Medical, Bloom-
ington, IN, USA) was inserted into the ureter. If pre-stenting 
was performed, using a ureteral stent, a hydrophilic guidewire 
was installed to the renal pelvis. A dual-lumen catheter was in-
serted through the hydrophilic guidewire, and retrograde py-
elography was performed. Using the dual-lumen catheter, an-
other guidewire (Amplatz Superstiff Guidewire; Boston 
Scientific, Marlborough, MA, USA) was inserted, and an 11/13 
or 12/14 Fr ureteral access sheath (Uropass, Olympus) was in-
serted into the level of ureteropelvic junction. A flexible ure-
teroreno-videoscope was inserted through the ureteral access 
sheath. Lithotripsy was performed with a laser lithotripter (Ver-
saPulse Powersuite 100W, Lumenis, Tel Aviv, Israel) and 200 
micron laser fibers. Large fragmented stones were extracted 
using a 1.9 Fr (Zero-tip, Boston Scientific) or a 1.3 Fr (OptiFlex, 
Boston Scientific) nitinol stone basket. Dusted particles were 
not removed to allow for natural drainage. At the end of the 
procedure, fluoroscopy was performed to evaluate stone 
clearance. A 6 Fr ureteral stent (Polaris Ultra or Polaris Loop, 
Boston Scientific) was routinely placed and maintained for 1 
to 2 weeks in all patients.
Demographic data and stone characteristics on 
non-contrast computed tomography
A detailed history of urinary tract stone disease for each patient 
was obtained, including the number of past stone events, his-
tory of pain onset, and stone characteristics. The stone charac-
teristics included the location, maximal stone length (MSL), 
stone heterogeneity index (SHI), and mean stone density (MSD). 
The MSL was the longest stone length measured in three di-
mensions on non-contrast computed tomography (NCCT) im-
ages using the GE Centricity system (GE Healthcare Bio-Sci-
A B C
Fig. 1. Three videoscope images of URF-V (A), URF-V2 (B), and Flex-Xc (C).
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ences Corp., Piscataway, NJ, USA). The MSD was measured 
using bone windows on the magnified axial NCCT image of 
the stone in the maximal diameter, in which the elliptical region 
of interest incorporated the largest cross-sectional area of the 
stone without including adjacent soft tissue.10 The SHI was de-
fined as the standard deviation (SD) of Hounsfield units (HUs) 
in the same region of interest.11 Stone-free status was defined as 
either having no identifiable stone or a fragment of <4 mm in 
size in the post-operative NCCT.12 Complications were as-
sessed according to the modified Clavien-Dindo classifica-
tion. Fragmentation efficacy was calculated as ‘‘operative time 
(min) divided by removed MSL (mm)’’ and was evaluated in 
the sequential order of operations. 
Statistical analyses
Statistical comparisons of patient demographic continuous 
variables were performed using either Student’s or Welch’s 
two-sample t-test. Categorical variables were compared using 
Pearson’s chi-squared test with Yates’ continuity correction. 
Univariate and multivariate logistic regression analyses using 
a binomial method were performed to identify factors signifi-
cantly associated with one-session success. Statistical analyses 
were performed using R software (version 3.3.2, R Foundation 
for Statistical Computing, Vienna, Austria; http://www.r-proj-
ect.org). 
RESULTS
Patient and stone characteristics are listed in Table 1. The mean 
age of the patients was 60.0±14.0 years, and the female-to-male 
ratio was 31:69. The mean operation time was 65.1±45.7 min-
utes, considering each renal unit. The mean MSL was 13.1±6.2 
mm, the average MSD was 734.2±327.6 HU, and SHI was 
240.1±120.0 HU. The mean operation time of all patients was 
65.1±45.7 min. Nineteen patients underwent bilateral opera-
tions or other operations at the same time. The changes in se-
rum creatinine, estimated glomerular filtration rate (eGFR), 
and hemoglobin were 0.0±0.2, -0.1±0.2, and 0.0±0.1, respec-
tively. The mean length of stay (LOS) in the hospital was 2.5±3.7 
days. In 20 patients, LOS was more than 2 days, and they con-
sisted of eight cases of hospitalized patients in other depart-
ments, seven cases of post-operative monitoring for cardio-
vascular and pulmonary co-morbidities, four cases of post-
operative fever and infection, and one case of ureteral laceration. 
The time-to-MSL ratio was 5.5±4.0 min/mm, and the stone-
free rate was 87.0%. Postoperative complications occurred in 
five cases, and these included two cases of fever (Clavien-Dindo 
classification grade I), two cases of acute pyelonephritis 
(grade II), and one case of a ureteral laceration (grade III). In 
the ureteral laceration case, retrograde stent indwelling had 
failed, and percutaneous antegrade stenting and nephrosto-
my was performed during the operation. Two weeks later, an-
tegrade pyelography revealed complete ureteral patency. There 
were no complications of sepsis or ureteral stricture during the 
follow-up period from 6 to 12 months. Auxiliary treatment 
(SWL) was performed in five cases postoperatively.
The time-to-MSL ratio is described in the scatter plot shown 
in Fig. 2. The estimated cut-off of the time-to-MSL ratio below 
5 mm/min was 50. The 100 patients were divided into two 
groups comprising the first 50 cases and last 50 cases. There 
were no differences in age, sex, body mass index (BMI), MSL, 
Table 1. Demographic Data of All Patients and Two Subgroups of the First 50 Cases and the Last 50 Cases
Parameter Total First 50 cases Last 50 cases p value
No. of patients 100 50 50
Age (yrs)   60.0±14.0   61.0±14.1   58.9±13.9 0.442
Sex (F:M) 31:69 15:35 16:34 1.000
Pre-stenting, n (%) 91 (91.0) 47 (94.0) 44 (88.0) 0.295
BMI 24.2±2.3 24.8±3.3 23.7±3.2 0.102
MSL (mm) 13.1±6.2 12.7±5.6 13.4±6.8 0.560
MSD (HU)   734.2±327.6   755.0±298.3   713.3±356.3 0.528
SSD (mm)   95.4±21.9   92.8±20.6   98.0±23.0 0.229
SHI (HU)   241.0±120.0   250.4±128.0   231.5±111.0 0.432
Operation time (min)   65.1±45.7   84.1±52.7   46.1±26.6 <0.001
Cr_change   0.0±0.2   0.0±0.2   0.0±0.2 0.998
eGFR_change -0.1±0.2 -0.1±0.2 -0.1±0.2 0.870
Hgb_change   0.0±0.1   0.0±0.1   0.0±0.2 0.977
LOS (day)   2.5±3.7   2.1±1.8   2.9±5.0 0.242
Time-to-MSL ratio (min/mm)   5.5±4.0   7.2±4.8   3.8±1.8 <0.001
Auxiliary treatment, n (%) 5 (5.0)   5 (10.0) 0 (0.0)
Stone-free rate, n (%) 87 (87.0) 40 (80.0) 47 (94.0)
BMI, body mass index; MSL, maximal stone length; MSD, mean stone density; HU, Hounsfield unit; SSD, skin-to-stone distance; SHI, stone heterogeneity index; 
Cr, creatinine; eGFR, estimated glomerular filtration rate; Hgb, hemoglobin; LOS, length of stay.
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MSD, skin-to-stone distance, and SHI between these two 
groups. Operation time in the last 50 cases (46.1±26.6 min) was 
shorter than that in the first 50 cases (84.1±52.7 min, p<0.001). 
Postoperative changes in serum creatinine, eGFR, and hemo-
globin showed no statistical differences between the two 
groups. The LOS was 2.1±1.8 days in the first 50 cases and 2.9± 
5.0 days in the last 50 cases (p=0.242). The time-to-MSL ratios 
were 7.2±4.8 and 3.8±1.8 min/mm in the first and last 50 cases, 
respectively (p<0.001). Five cases requiring auxiliary SWL were 
included in the first 50 cases, and the stone-free rate in the last 50 
cases (94.0%) was higher than that in the first 50 cases (80.0%).
The univariate logistic regression models revealed the fol-
Table 2. Univariate and Multivariate Logistic Regression Model of Stone-Free Rate
Parameter OR 95% CI p value
Univariate
Age 0.986 0.943−1.028 0.515
BMI 1.029 0.861−1.234 0.754
Sex 0.364 0.054−1.470 0.207
MSL 0.906 0.827−0.991 0.030
MSD 0.998 0.996−0.999 0.007
SSD 1.013 0.986−1.043 0.347
SHI 0.995 0.990−1.000 0.052
Last 50 cases (vs. first 50 cases) 3.917   1.110−18.367 0.049
Multivariate
MSL 0.917 0.815−1.030 0.137
MSD 0.998 0.996−0.999 0.047
Last 50 cases (vs. first 50 cases) 5.408   1.337−30.426 0.030
BMI, body mass index; MSL, maximal stone length; MSD, mean stone density; SSD, skin-to-stone distance; SHI, stone heterogeneity index; OR: odds ratio, CI: 
confidence interval.
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Fig. 2. The time-to-MSL ratio (min/mm). The estimated cut-off numbers 
of the time-to-MSL ratio below 5 min/mm was 50. MSL, maximal stone 
length; RIRS, retrograde intrarenal surgery.
lowing predictive factors of stone-free status following video-
scopic RIRS: shorter MSL [odds ratio (OR): 0.906, 95% confi-
dence interval (CI): 0.827−0.991; p=0.030), lower MSD (OR: 
0.998, 95% CI: 0.996−0.999; p=0.007), and last 50 cases (OR: 
3.917, 95% CI: 1.110−18.367; p=0.049). Multivariate analyses 
also demonstrated that a lower MSD (OR: 0.998, 95% CI: 0.996− 
0.999; p=0.047) and last 50 cases (OR: 5.408, 95% CI: 1.337− 
30.426; p=0.030) to be independent predictors of stone-free 
status after videoscopic RIRS (Table 2).
In Table 3, the logistic regression model showed factors re-
lated to lower time-to-MSL ratio (<5 min/mm). In the univari-
ate model, lower BMI (OR: 0.869, 95% CI: 0.760−0.986; p=0.033) 
and last 50 cases (OR: 6.000, 95% CI: 2.522−15.260; p<0.001) 
were significant factors for lower time-to-MSL ratio. The multi-
variate model demonstrated that the last 50 cases was an inde-
pendent factor for lower time-to-MSL ratio (OR: 5.591, 95% CI: 
2.317−14.382; p<0.001). 
DISCUSSION
Recently, RIRS has become one of the most popular minimal-
ly invasive surgeries in urology. With its low morbidity and its 
use of a natural orifice, this technique is accepted as the first-
line treatment for upper ureter and renal stones by both pa-
tients and surgeons.4 Experiences with RIRS have shown 
stone-free rates comparable to other therapeutic modalities, 
although with a lower risk of renal damage and bleeding.13,14 
Moreover, many recent studies have reported that RIRS is 
used as the first-choice treatment for patients with renal stones 
requiring active treatment and provides a higher stone-free 
rate with low morbidity, a shorter hospital stay, better patient 
comfort, and a faster return to daily activities in cases of larger 
calculi.15 The European Association of Urology (EAU) Urolithia-
sis Guidelines recommend that RIRS can be performed if percu-
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taneous nephrolithotomy or SWL is not possible for treatment 
of stones >2 cm. In addition, EAU Urolithiasis Guidelines state 
that digital videoscopes demonstrate shorter operation times 
due to their improved image quality.16
In 2010, Binbay, et al.17 compared the outcomes of patients 
who were treated using digital and fiber-optic flexible uretero-
renoscopy for kidney stones. They performed RIRS using DUR-
D (Gyrus ACMI, Olympus) and Flex-X2 (KARL STORZ) uretero-
renoscopes, and reported on a total of 76 patients who were 
treated with either a fiber-optic flexible ureterorenoscopes 
(n=34; fiber-optic group) or digital flexible ureterorenoscopes 
(n=42; digital group). The operation time of RIRS was 46.5± 
13.4 min in the fiber-optic group, but only 38.3±17.4 min in the 
digital group (p=0.001). Mean fragmented stone area per min-
ute was 2.43±0.81 mm2/min in the digital group and 1.96±0.80 
mm2/min in the fiber-optic group (p=0.01). Somani, et al.18 also 
compared the outcomes of RIRS using digital and fiber-optic 
scopes for kidney stones using URF-V and URF-P5 flexible video 
uteroscopes (Olympus). They concluded that digital video-
scopes significantly reduced the operative time, compared 
with fiber-optic videoscopes (53.8±15.2 min vs. 44.5±14.9 min; 
p<0.05). These authors reported the disadvantage that the 
digital videoscopes (DUR-D; 9.3 Fr and URF-V; 9.9 Fr) were 
thicker in diameter than fiber-optic ureteroscopes (Flex-X2; 
7.5 Fr and URF-P5; 8.4 Fr). They concluded that the digital vid-
eoscope had less maneuverability, but could reduce the oper-
ation time. Two recently released digital videoscopes have 
smaller diameters (Flex-Xc; 8.5 Fr and URF-V2; 8.4 Fr), and the 
maneuverability of these scopes can surpass that of a fiber-op-
tic ureteroscope.8 Multescu, et al.8 studied the durability and 
lifespan of three Flex-Xc videoscopes. The first videoscope 
was used in 96 procedures for a total of 67.1 hours. However, 
the second and third videoscopes were used in more proce-
dures (151 and 159, respectively) and for longer times (107.7 h 
and 107.2 h, respectively). These results confirm the longer 
usage time of this type of videoscope, which also has improved 
durability and significantly improved visibility and image 
quality due to continuous technological development. The au-
thors concluded that the use of a ureteral access sheath and 
avoidance of overstressing the deflection mechanism, by relo-
cating lower pole stones, offers substantial advantages in pro-
longing the lifespan of these expensive instruments.8 This pro-
longed lifespan is important because the biggest disadvantage 
of the digital videoscopes, since the launch of Flex-Xc and 
URF-V2 with narrow diameters, is their high prices. In particu-
lar, the use of digital videoscopes in medical environments, 
such as those in Korea, has been very difficult because of lim-
ited medical resources. Until now, due to the high prices of 
digital videoscopes in Korea and developing countries, no rel-
evant digital videoscope studies have been published. There-
fore, this study is the first digital videoscopic RIRS study in-
volving a Korean patient population.
In a notable study, Cho, et al.19 investigated the learning curve 
for surgeons using a fiber-optic scope (Flex-X2) for RIRS in pa-
tients with mid-sized stones. Statistical analysis of their RIRS 
learning experience results revealed that 56 cases were required 
to reach a plateau in the learning curve without a proper in-
structor. In our studies, the estimated cut-off numbers of the 
time-to-MSL ratio of <5 min/mm was 50 cases. Operation 
time in the last 50 cases (46.1±26.6 min) was also shorter than 
that in the first 50 cases (84.1±52.7 min, p<0.001). Five cases 
requiring auxiliary SWL occurred in the first 50 cases, and the 
stone-free rate in the last 50 cases (94.0%) was higher than 
that in the first 50 cases (80.0%). Considering these two stud-
ies, it is possible to deduce that more than 50 cases of experi-
ence using both a fiber-optic scope and a digital videoscope 
should be completed to overcome the learning curve. Fur-
thermore, considering the high price of digital videoscopes, it 
would be most economical to implement RIRS with a digital 
videoscope for surgeons who have performed more than 50 
cases requiring a fiber-optic ureteroscope. In our results, the 
factor related to lower time-to-MSL ratio (<5 min/mm) was 
also only the last 50 cases. In the early experiences, the accu-
mulation of experience can be more important than the char-
acteristics of the stone. There are several reasons why the MSL 
in the logistic regression model is not a factor affecting the 
Table 3. Univariate and Multivariate Logistic Regression Model of Lower Time-to-Maximal Stone Length Ratio (<5 min/mm)
Parameter OR 95% CI p value
Univariate
Age 0.989 0.960−1.018   0.467
BMI 0.869 0.760−0.986   0.033
Sex 1.123 0.469−2.654   0.791
MSD 1.000 0.999−1.002   0.192
SSD 0.992 0.973−1.010   0.390
SHI 1.000 0.997−1.004   0.880
Last 50 cases (vs. first 50 cases) 6.000   2.522−15.260 <0.001
Multivariate
BMI 0.891 0.772−1.021   0.100
Last 50 cases (vs. first 50 cases) 5.591   2.317−14.382 <0.001
BMI, body mass index; MSD, mean stone density; SSD, skin-to-stone distance; SHI, stone heterogeneity index; OR: odds ratio, CI: confidence interval.
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stone-free rate. First, the MSL in the total patient population 
may not be as large as 13.1±6.2 mm. The EAU guidelines rec-
ommend that RIRS be performed for stones <2 cm in size. 
Therefore, it is possible that the MSL did not affect the stone-
free rate because this study included patients with stones that 
were <2 cm in length. Another reason is that, unlike SWL,20 
there is a subjective difference in an operator’s ability to assess 
stone-free status according to the surgeon’s proficiency. There-
fore, we suggest that MSL may be identified as a significant 
factor affecting stone-free status if we analyze larger stones in 
future studies. Also, SHI was not a predicting factor for stone-
free rate. SHI was previously shown to be a novel predictor of 
SWL success based on HU attenuation as the SD of HU.21 How-
ever, the reason why SHI was not a meaningful factor in our 
study can be explained by several hypotheses. First, like MSL, 
it is possible that SHI did not affect the stone-free rate because 
RIRS was performed on patients with stones that were <2 cm 
in most cases. Second, stone dusting and fragmentation using 
a Holmium laser may be able to break down stones more pre-
cisely than shock-waves from SWL, so SHI may be analyzed as 
an insignificant factor for stone-free rate. However, further 
studies are needed to analyze the factors affecting the stone-
free rate of RIRS, which may help interpret the influence of MSL 
or SHI. In our study, 91 patients had pre-stenting before RIRS. 
Assimos, et al.22 demonstrated that preoperative ureteral 
stenting increases stone-free rates and decreases complications 
in patients with renal stones. In their study, for renal stone 
treatment, preoperative stent placement increased the stone-
free rate, and there was a borderline significant decrease in 
intraoperative complications. Thus, we performed pre-stent-
ing to increase stone-free rates and decrease complications.
This study has some inherent limitations due to its retrospec-
tive design, which may have introduced sampling bias. None-
theless, this is the first report on digital videoscopic RIRS for 
the Korean population. The results of this study will be rein-
forced through continuous future research, which will provide 
new results that will be the basis for further development of 
digital videoscopes.
In summary, videoscopic RIRS resulted in a high stone-free 
rate of 87%, and 5% of the patients who received additional 
treatment after surgery. The estimated cut-off numbers of the 
time-to-MSL ratio below 5 mm/min was 50. Operation time 
in the last 50 cases was shorter than that in the first 50 cases. 
Low MSDs and last 50 cases were significant predictors of 
stone-free rate in videoscopic RIRS. To overcome the learning 
curve, a surgeon should perform an initial 50 cases of video-
scopic RIRS.
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